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 SUMMARY 
 
This paper reports on a pilot study undertaken by the authors for the Royal 
Institution of Chartered Surveyors Educational Trust aimed at developing a 
method of automatic pricing of bills of quantities. 
 
A method using a system of multipliers is described for Concrete Work and 
based on the rates contained in Laxton's 1989 building price book [4].  When 
tested on three 'live' bills of quantities, the method was found to be within 
one percent and six percent of the price book for larger projects and smaller 
projects respectively, and within 1.25 percent for the aggregated bills. 
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 INTRODUCTION 
 
The bill of quantities has officially been with us in the UK for in excess of 
150 years.  During that time it has served the construction industry well in 
its primary role of enabling tenders to be submitted on an equal basis. 
 
The industry's clients however have usually wanted, and often needed, to know 
their financial commitment in advance of tenders being received.  Numerous 
techniques have evolved over the years to provide this information.  The 
method chosen would seem to depend on several criteria such as the time and 
level of information available.  At a very early stage a method based upon 
rates per unit of floor area may well be used for a building price forecast, 
but once a bill of quantities has been produced this may then be priced to 
provide the client with what is usually assumed to be a far more accurate 
estimate. 
 
Unfortunately, pre tender estimates based on bills of quantities, whilst being 
fairly accurate, are also extremely time consuming and tedious to produce.  
Clearly, any method which reduces the time involved in pricing bills of 
quantities without significantly reducing accuracy is likely to be of benefit. 
 The study described in this report aimed to achieve this by developing a set 
of algorithms for pricing bills of quantities items as a precursor to a fully 
automatic pre tender pricing system. 
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 THE STUDY 
 
Methodology 
 
1.Documents 
 
The initial step was to decide upon the information required to carry out the 
study.  It was decided that the whole study should be based around recent 
initiatives developed by the Co-ordinating Committee for Project Information 
together with the Standard Method of Measurement of Building Work, seventh 
edition, (SMM7) [3].  To this end the Property Services Agency's Library of 
Standard Descriptions (LSD) was obtained [2]. 
 
The second vital piece of information needed was a price book.  At the time 
the study was commenced, all price books were based upon the Standard Method 
of Measurement of Building Work, 6th edition, (SMM6).  This was to prove to be 
a major problem due to the lack of compatibility between these price books and 
the LSD descriptions and the study was delayed for over a year until a SMM7 
based price book became available.  It was only after the publication of 
Laxton's 1989 Price Book that the study was commenced in earnest [4]. 
 
Under the terms of the sponsorship, a pilot study was carried out using sub-
sections from one of the sections from the new Common Arrangement of Work 
Sections (CAWS).  The one chosen was Section E: In-Situ Concrete-Large Precast 
Concrete. 
 
2.Multiplier system 
 
The over-riding principle adopted was one of multipliers which could be 
applied to each element of an item description related to a base rate and thus 
enabling one to arrive at a rate for any description. 
 
In order to fully explain the methodology it is necessary to consider one of 
the sub-sections, for example E10: In-Situ Concrete.  The first step was to 
choose a base description and a corresponding base rate.  The choice of this 
item was fairly arbitrary although it made sense to choose the first 
description of the section in the price book as one would expect this to be a 
fairly common item in most bills.  The rate used may be either nett or gross. 
 So long as one remembers which has been chosen there can not be a problem as 
adjustments can be made at the end.  In the event however nett base rates were 
used, thus leaving some room for the application of professional judgement. 
 
The base description chosen was: 
 
Ready Mixed plain in-situ concrete; BS 5328, ordinary prescribed mix CISP, 20mm 
aggregate in foundations poured on or against earth or unblinded hardcore, 
generally 
 
with a nett rate of £48.45/m3. 
 
Each of the LSD elements were then considered in turn, and a multiplier 
allocated to them. 
 
The allocation of multipliers is the essence of the whole process and is 
undertaken as follows: 
 
The first variables identified in the LSD are at level 2, where a distinction 
is made between 'plain' and 'reinforced' concrete.  As our requirement of the 
base description is that the multiplier for all of the individual elements in 
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the description must be unity, then the first multiplier required is the one 
for 'reinforced' concrete.  To obtain this one must refer to the price book 
and find the rate against the item in which the only change is that it refers 
to reinforced and not plain concrete.  In this case the rate was £49.55/m3 and 
the multiplier for reinforced concrete is therefore 49.55/48.45 = 1.02. 
 
This process was then repeated for the next variable from the base description 
which happens to be "ground beams".  In trying to find a description where the 
only change is that the word 'foundations' has changed to the phrase 'ground 
beams', it happens that there is no such description in the price book as 
Ready mixed plain in-situ concrete; BS 5328, ordinary prescribed mix CISP, 20mm 
aggregate in ground beams, generally.  When this situation occurs one must 
compare the rates of the most similar items, e.g. compare the rates of 
reinforced concrete in foundations and reinforced concrete in ground beams. 
 
 
Primary results 
 
The process described above was carried out for all of the items on the LSD 
list and the required multipliers were obtained as a primary set of results as 
shown in Table 1.  An arbitrary decision was taken at this stage to restrict 
the accuracy of the multipliers to 2 decimal places, this being tested later 
for impact on the overall result. 
 
The previously established set of multipliers was now tested against the price 
book rates.  For example Ready mixed plain in-situ concrete; BS 5328, ordinary 
prescribed mix CISP, 20mm aggregate, in foundations poured on or against earth 
or unblinded hardcore, generally (£48.45/m3) was tested by Ready mixed 
reinforced in-situ concrete; BS 5328, designed mix CISP, 20mm aggregate, 
vibrated, in column casings, generally.  Using £48.45 x multiplier for rein-
forced concrete (1.02) x multiplier for column casing (1.31) gives an 
estimated rate of £64.74/m3.  The actual rate in the price book for this item 
is £63.65/m3 which indicates an error of 2 percent by using the method. 
 
An arbitrary level of accuracy of +5 percent was chosen as being acceptable 
and therefore the test can be seen to be satisfactory.  Similar tests were 
also carried out on all other items. 
 
 
Secondary results 
 
Following the satisfactory testing of the primary results, it was decided to 
produce results for sub-sections E1O: In-Situ Concrete, E20: Formwork, and 
E30: Reinforcement.  Once again, a level of accuracy of 2 decimal places was 
used. 
 
In order to produce results in 4 levels to mirror the tabular form of SMM7, 
many phrases and their associated multipliers needed to be broken down. 
 
It should be noted here that the results obtained were based upon the 
relationships evident within the particular price book used and may not hold 
true for other cost bases. 
 
A few items did not have a rate in the price book and were assumed to be 
provided by a pricing expert as a separate exercise at a later date. 
 
Upon obtaining the preceding revised results it was again necessary to carry 
out tests.  In order to provide a comprehensive test it was decided to work 
through the whole of the sub-sections considered.  The results of these tests 
  
 
 5 
are summarised in Table 2. 
 
As a further test, it was decided to price the bill of quantities concrete 
sections for three separate contracts using both the price book and the 
system. These results are summarised in Table 3. 
 
 
Discussion 
 
As can be seen from the summary of results provided in Table 2, the tests 
employed indicate that the system yields an overall mean error of +2.30 
percent, the greatest mean error, +8.17 percent, being for E30: Reinforcement. 
 
The overall standard deviation of 24.10 percent is typical for the variability 
of concrete work item pricing by bidders and is therefore of no great concern 
in this application [1].  It does reinforce the view however that use of the 
system should be restricted to total pre tender estimates with the possibility 
of breakdown into work group categories rather than at the individual item 
level. 
 
The summary of tests of the bill of quantities sections provided in Table 3 
shows a mean error of +1.22 percent.  This, together with the results in Table 
2, suggests the system to be surprisingly accurate. 
 
 
 CONCLUDING REMARKS 
 
The pilot study described in this paper suggests that a set of simple al-
gorithms may be developed for the purpose of automating a considerable part of 
the process of pricing of bills of quantities for pre tender estimates of 
concrete work. 
 
In considering the extension of the work to automatic pricing of full bills of 
quantities, our experiences so far suggest several major issues/problems in 
need of attention.  These concern specification, significant items, fine 
tuning, and computerisation. 
 
 
 
 
 
Specification 
 
1.NBS and PSA specifications 
 
SMM7 and the Library of Standard Descriptions are, although capable of being 
used with any specification, intended for use with one of the above standard 
documents.  These documents require completion by architects and engineers and 
therefore the variance in specifications chosen is immense.  It happened that 
this problem is not really evident within Section E but it is one that needs 
addressing. 
 
 
2.Standard libraries and rogue specifications 
 
There are in existence standard specification libraries linked to the NBS or 
PSA specifications for use with SMM7.   It would, in theory, be possible to 
arrive at multipliers that would cover all options in the library.  This would 
go a great way to solving the problem.  However, the standard libraries do 
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still give the option for items to be inserted and there is still the problem 
of job or rogue specifications, i.e. those not included within the standard 
library. 
 
 
3.Specification ranges 
 
For the reasons identified earlier, it is not felt practical to aim at 
applying a multiplier to every possible specification option. 
 
It has been said that quantity is far more important than rate and also that, 
generally speaking, rates for a particular type of item do not vary greatly.  
One possible solution to the problem of specification, therefore, is to 
establish a range of rates and therefore multipliers for each type of item.  
The user would then be given the option to choose a level of specification 
either by example or within a given range and the multiplier would then be 
allocated as appropriate. 
 
 
Significant Items Estimating 
 
The Significant Items Estimating System developed by the PSA is an alternative 
method of estimating which focuses on the most cost-significant items.  The 
System is based on the commonly accepted belief that approximately 80% of the 
value of measured work on building projects is contained within 20% of the 
items.  It utilises average rates at a given base which are then adjusted by a 
series of factors. 
 
There is the possibility of linking the system proposed by this report to the 
principle contained in the Significant Items Estimating in so far as the cost-
significant items are concerned. 
 
 
 
 
Fine tuning 
 
1.On-costs 
 
There must be provision within the system for the inclusion of preliminaries 
and overheads and profit.   It is proposed that these be dealt with by means 
of adjustment percentages to be used at the end. 
 
 
2.Indices 
 
There must be provision for updating the estimate from given bases of time, 
location, etc.  It is suggested that the relevant indices be built into the 
system.   
 
3.Professional judgement 
 
The professional adviser may wish to apply any special knowledge regarding the 
proposed project, e.g. labour shortages that may affect the rates.  These 
again may be dealt with by percentage adjustment. 
 
 
Computerisation 
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It is anticipated that the process described here may be linked with existing 
bill of quantities preparation software based on SMM7 in order to form an 
altogether more complete package. 
 
The base rates would need to be built into the system as would all of the 
multipliers together with a complex cross referencing system. 
 
Should a description be used that includes a phrase that does not have a 
multiplier, i.e. a rogue item, then the user will have to manually apply a 
rate to this item.  This problem should be reduced if the cost-significant 
items principle were adopted, as the number of items would be greatly reduced. 
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 Table 1: Primary results 
 
Base:Ready mixed plain in-situ concrete; BS 5328, ordinary 
prescribed mix CISP, 20mm aggregate, in foundations 
poured on or against earth or unblinded hardcore, 
generally ..... £48.45/m3. 
┌──────────────────────────────────────────────────────┐  
│Item   Multiplier │ 
├──────────────────────────────────────────────────────┤ 
│Plain      1.00    │ 
│Reinforced     1.02    │ 
│                                                      │ 
│Foundations     1.00    │ 
│Ground beams     1.08    │ 
│Isolated foundation    1.04    │ 
│Beds ne 150:     1.07    │ 
│15O-450:  1.01    │ 
│ exc 450:  0.99    │ 
│Slabs ne 150:     1.14    │ 
│150-450:  1.05    │ 
│ exc 450:  1.03    │ 
│Coff Troughed Slabs ne 150:    *      │ 
│150-450   *      │ 
│exc 450:   *      │ 
│Walls ne 150:     1.17    │ 
│150-450:  1.08    │ 
│ exc 450:      1.06    │ 
│Filling to hollow walls ne 150:   1.04    │ 
│150-450:   *      │ 
│ exc 450:     *      │ 
│Isolated beams     1.15    │ 
│Isolated deep beams    1.17    │ 
│Isolated beam casings    1.17    │ 
│Isolated deep beam casings   1.19    │ 
│Alt. deep beam casings  1.17    │ 
│Columns     1.28    │ 
│Column casings     1.31    │ 
│Stair cases     1.22    │ 
│Upstands     1.40    │ 
│Sloping n.e. 15o     1.02    │ 
│Sloping exc 15o     1.04    │ 
│E.O. for working around heating panels  *      │ 
│Grouting to Stanchion bases   0.07    │ 
│Grouting to Grillages     *      │ 
│Filling mortices    *      │ 
│Filling holes      *      │ 
│Filling chases exc 0.01m3    *      │ 
│n.e. 0.01m3      *      │ 
└──────────────────────────────────────────────────────┘ 
*Unable to obtain multipliers due to lack of information in price book. 
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 Table 2: Summary of results 
 
┌────────────────────────────────────────────────────────┐  
│      Arithmetic  Standard    │ 
│      Mean of  Deviation of│ 
│   Errors (%) Errors (%)  │ 
├────────────────────────────────────────────────────────┤ 
│E10: In-Situ Concrete   + 0.35    15.06     │ 
│                                                        │ 
│E20: Formwork    - 1.61    35.11     │ 
│                                                        │ 
│E30: Reinforcement   + 8.17    22.13     │ 
│                                                        │ 
│Overall    + 2.30    24.10     │ 
└────────────────────────────────────────────────────────┘ 
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 Table 3: Summary of tests of bill of quantities sections 
 
┌─────────────────────────────────────────────────────────┐ 
│   Total Using  Total Using  Error│ 
│BQ Section Price Book   System      (%) │ 
├─────────────────────────────────────────────────────────┤ 
│  A  262847.56  265184.58  + 0.89│ 
│                                                         │ 
│  B   76989.18   78786.89  + 2.34│ 
│                                                         │ 
│  C     540.84     570.20  + 5.43│ 
│                                                         │ 
│  Total340377.58344541.67+ 1.22│ 
└─────────────────────────────────────────────────────────┘ 
 
